Introduction {#Sec1}
============

Chronic inflammatory demyelinating polyradiculoneuropathy (CIDP) is an uncommon autoimmune polyneuropathy with heterogeneous presentation and prognosis \[[@CR1]\]. The prevalence of definite and probable CIDP is estimated at 1--7.7 cases per 100,000 adults \[[@CR2]--[@CR5]\]. While CIDP can occur at any age, the prevalence increases with age, peaking in the seventh decade \[[@CR3]\].

CIDP runs a progressive course of remission and relapse, leading to a pronounced disability over a period of several months \[[@CR6]\]. The typical presentation includes symmetric, distal and proximal weakness with areflexia and sensory loss. Electrophysiological features include mainly reduced nerve conduction velocities, abnormal temporal dispersion and conduction blocks \[[@CR7]--[@CR9]\]. Cerebrospinal fluid examination often shows isolated high protein levels \[[@CR6]\]. The heterogeneous nature of CIDP's immune pathology is becoming better understood. While the classical pathology is macrophage-mediated demyelination, studies have identified a subset of patients in whom there is paranodal dissection (detachment of myelin terminal loops from the axolemma \[[@CR10]\]) without macrophage-mediated demyelination \[[@CR11]\]; instead, these patients have autoantibodies to paranodal junction proteins, such as neurofascin-155 and contactin-1 \[[@CR11]\].

First-line treatments for CIDP include corticosteroids, intravenous immunoglobulin (IVIG) and plasma exchange (PE) \[[@CR12]--[@CR15]\]. The short-term benefit of IVIG is well documented, with studies demonstrating IVIG efficacy up to 6 weeks \[[@CR8], [@CR9], [@CR16]--[@CR21]\]; however, the long-term benefits of IVIG and how maintenance treatment should be given are still mostly unknown \[[@CR22]\]. One prospective, placebo-controlled, crossover trial assessed IVIG in patients for up to 48 weeks (ICE trial) \[[@CR23]\]. An open-label study in Japan investigating the efficacy and safety of long-term IVIG therapy showed an even higher responder rate at 28 weeks than in the ICE trial and also a low relapse rate at 52 weeks \[[@CR24]\]. Another retrospective study included only patients with at least 48 weeks of follow-up \[[@CR25]\]. Both of these retrospective studies demonstrated similar results and a beneficial effect of IVIG also after long-term treatment. In head-to-head comparisons, no differences in short-term efficacy between IVIG and PE or corticosteroids have been demonstrated \[[@CR26], [@CR27]\]. However, given the potent adverse events (AEs) associated with long-term corticosteroid use and the cost of and limited access to PE, IVIG seems to be a suitable first-choice therapy \[[@CR28]\], as it is well tolerated and less frequently discontinued due to inefficacy, AEs or intolerance than treatment with 6-month intravenous methylprednisolone \[[@CR29]\].

Recent evidence suggests that therapeutic response to IVIG may depend on the underlying pathology. Patients in whom autoantibodies to paranodal junctional proteins have been detected may be refractory to IVIG \[[@CR10]\]. In contrast, those with typical CIDP, and thus classical macrophage-induced demyelination, respond to treatment with IVIG \[[@CR10]\]. Further research is required to establish whether treatment will eventually be individualised to target specific underlying pathologies.

Initially, Tegeline®, a sugar-stabilised IVIG (LFB Group, Paris, France), was the only IVIG approved (based on retrospective data) for the treatment of CIDP in France. However, off-label use of other IVIGs is common, owing to the publication of several meta-analyses and guidelines confirming the efficacy of all commercialised IVIGs \[[@CR6]\]. Not all IVIG preparations are alike in terms of tolerability. While IVIG treatment is usually well tolerated, IVIG preparations stabilised with sucrose are well known to be associated with acute renal failure, renal insufficiency and osmotic nephrosis \[[@CR30]\]. The incidence of these renal adverse events is lower with IVIGs stabilised with non-sucrose sugars, such as glucose and maltose, and with [d]{.smallcaps}-sorbitol, mannitol, glycine and [l]{.smallcaps}-proline \[[@CR30]\]. Octagam® (Octapharma AG, Lachen, Switzerland) is a sucrose-free liquid preparation of highly purified immunoglobulin G (IgG), which is often used off-label for CIDP as second-line treatment after Tegeline. The aim of this retrospective analysis was to describe the efficacy and safety of Octagam in CIDP patients in routine clinical practice in France.

Methods {#Sec2}
=======

Study Design and Data Collection {#Sec3}
--------------------------------

This study was a retrospective analysis of the use of Octagam in a real-life setting at French medical centres specialising in the treatment of peripheral neuropathies. Centres provided data on consecutive patients fulfilling the following inclusion criteria: (1) legal adult age; (2) diagnosis of CIDP according to European Federation of Neurological Societies (EFNS) and the Peripheral Nerve Society (PNS) criteria \[[@CR31]\]; and (3) initiation of therapy with Octagam 50 mg/mL between 1999 and 2010. Exclusion criteria were: (1) presence of multifocal motor neuropathy; (2) presence of underlying systemic diseases, such as cancer, disseminated lupus erythematosus, human immunodeficiency virus infection, Gougerot--Sögren syndrome, and IgM-kappa paraprotein with or without anti-myelin-associated-glycoprotein activity; and (3) introduction and modification of corticosteroid/immunosuppressive therapy during the 6-month period immediately prior to initiation of Octagam treatment.

Treatment {#Sec4}
---------

Octagam was administered according to routine clinical practice and based on the manufacturer\'s recommendations for injections. The posology of Octagam was recorded for all patients and for each course (total dose per course in grams and dose per course in grams per kilogram).

Outcome Parameters {#Sec5}
------------------

The primary efficacy endpoint was the change in the Overall Neuropathy Limitation Scale (ONLS) score (range 0 \[normal\] to 12). The ONLS scale is used to evaluate the functional impairment of both the arms and legs \[[@CR32]\]. A clinical response was defined as an improvement of disability status equivalent to a decrease of ≥ 1 point in the ONLS score at 4 ± 1 months after the initiation of Octagam treatment compared with baseline; non-responders were patients with a stable or increased ONLS score at this same time point. During this period, treatment modification or initiation of a new treatment was not allowed. Patients were excluded from the efficacy analysis if: (1) the initial ONLS value was unknown or equal to zero; or (2) there was insufficient follow-up ( \< 2 months). Exposure to treatment was defined as the time between first Octagam administration and endpoint assessment at 4 ± 1 months.

Safety Assessment {#Sec6}
-----------------

For each patient, the laboratory results, including creatininaemia and creatinine clearance, were reported, when available. All adverse drug reactions occurring during the study period were routinely monitored and reported.

Statistical Analyses and Sample Size {#Sec7}
------------------------------------

Data on all patients included in the study were analysed using SAS software version 9.1 (SAS Institute, Cary, NC, USA). Statistical analyses were descriptive, and the 95% confidence intervals (CI) were given when necessary. Patient characteristics are reported as a number and percentage for categorical variables and as mean ± standard deviation (SD) and range for continuous variables. Quantitative variables were compared using two-tailed Mann--Whitney *U* tests for group comparisons. Categorical variables were compared using either the chi-square test or Fisher's exact test. ONLS scores before Octagam initiation and at the time of evaluation were compared using signed tests. All tests, if performed, were conducted with a bilateral approach at the 5% threshold. For the analysis of ONLS development over time, missing values were replaced by the last observation carried forward method. Due to the retrospective nature of the data analysis and the rarity of the disease, no calculation of statistical sample size was performed.

The full analysis set included all patients who received at least one dose of Octagam and met the inclusion/exclusion criteria. After enrolment, patients were grouped according to previous IVIG exposure. Patients who had never received an IVIG before starting Octagam were included in the IVIG-naïve group; patients who had stopped IVIG therapy ≥ 12 weeks before starting  Octagam were included in the IVIG-washout group; and patients who had replaced or stopped immunotherapy \< 12 weeks before starting Octagam were included in the IVIG-switch group.

The efficacy analysis set included all patients in the IVIG-naïve or IVIG-washout groups, with data pooled according to methods used in the ICE study \[[@CR23]\].

The safety analysis set consisted of all 47 patients included in the full analysis set and was not split into previous IVIG exposure groups.

Compliance with Ethics Guidelines {#Sec8}
---------------------------------

This study was approved by the CCTIRS (Comité Consultatif sur le Traitement de l'Information en matière de Recherche dans le domaine de la Santé) and the CNIL (Commission Nationale Informatique et Liberté) according to the legal requirements of a retrospective analysis in France. As such, written informed consent was not required.

Results {#Sec9}
=======

Baseline Characteristics of the Total Patient Population {#Sec10}
--------------------------------------------------------

Between June and October 2010, medical records of 75 patients with CIDP treated with Octagam were identified and collected from 11 participating centres. Following an initial analysis of these records, 28 patients who did not meet the eligibility criteria were excluded, leaving 47 patients who were eligible for data collection.

Of the 47 patients included in the safety analysis set, 29 (61.7%) were male. The mean age at diagnosis was 61.3 ± 14.8 (range 22--85) years. Fifteen patients were considered to be IVIG naïve; 14 patients were included in the IVIG-washout group; and 18 patients were included in the IVIG-switch group. Patients received a mean of 254.5 ± 204.3 days of Octagam treatment, corresponding to a mean of 5.2 ± 2.7 courses. The mean dose of Octagam received was 1.6 ± 0.5 g/kg per course.

Baseline Characteristics of the Efficacy Analysis Set {#Sec11}
-----------------------------------------------------

Of the 47 patients in the safety analysis set, 24 patients (11 IVIG-naïve and 13 IVIG-washout) met the inclusion criteria for the efficacy analysis (Table [1](#Tab1){ref-type="table"}). Mean age at diagnosis was 59.2 ± 14.9 years (range: 22--79 years) and mean duration of CIDP at start of Octagam treatment was 52.1 ± 92.3 months. Between baseline and endpoint assessment, the patients received on average 2.8 ± 1.0 courses of Octagam over a mean duration of 112 ± 24 days.Table 1Patient demographics and exposure to Octagam treatment in the efficacy analysis populationPatient demographics and exposure to Octagam treatmentValues (*n* = 24 patients)Gender, *n* (%) Male17 (70.8) Female7 (29.2)Age at enrolment (years)62.8 ± 11.0 \[46--79\]Age at disease diagnosis (years)59.2 ± 14.9 \[22--79\]Disease onset (months)52.1 ± 92.3 \[0--346\]Baseline ONLS3.5 ± 1.7 \[1--8\]Treatment duration (days)112.2 ± 24.3 \[72--148\]Number of Octagam courses2.8 ± 1.0 \[1--5\]Total Octagam dose administered (g)280.0 ± 151.5 \[60--600\]Posology (g/kg per course)1.5 ± 0.6 \[0.45--2.50\]Data are presented as the mean ± standard deviation (SD) and range in square brackets, unless indicated otherwise*IVIG* Intravenous immunoglobulin, *ONLS* overall neuropathy limitation scale

Efficacy {#Sec12}
--------

After 4 ± 1 months of Octagam treatment, mean ONLS scores significantly decreased in the IVIG-naïve and IVIG-washout group from 3.50 ± 1.63 at baseline to 3.08 ± 1.73 (Table [2](#Tab2){ref-type="table"}). The mean ONLS change from baseline was -- 0.42 ± 1.11 (*p* = 0.04), corresponding to a response rate of 41.7% (95% CI 21.9--61.4; Fig. [1](#Fig1){ref-type="fig"}). Among the non-responders, 12 patients were stable and two patients (one patient each in the IVIG-naïve and IVIG-washout groups) showed worsening. Five IVIG-naïve patients responded to Octagam, a response rate of 45.5% (95% CI 16.0--74.9), and five IVIG-washout patients were responders, a response rate of 38.5% (95% CI 12.0--64.9).Table 2Effect of baseline demographics and exposure to Octagam on treatment responseBaseline demographics and exposure to OctagamResponders (*n* = 10)Non-responders (*n* = 14)*p* valuesGender, *n* (%) Male5 (50.0)12 (85.7)0.06 Female5 (50.0)2 (14.3)Age (years)62.5 ± 10.563.1 ± 11.60.88Disease onset (months)32.8 ± 49.465.4 ± 113.20.64Initial ONLS score4.2 ± 1.73.0 ± 1.50.047Treatment duration (days)115.0 ± 26.8110.1 ± 23.20.52Number of courses3.0 ± 0.92.6 ± 1.20.18Total dose administered (g)335.5 ± 180.6240.4 ± 118.00.20Posology (g/kg per course)1.67 ± 0.411.39 ± 0.650.33Data are presented as the mean ± SD, unless indicated otherwise Fig. 1Patient response to Octagam treatment at 4 ± 1 months after treatment initiation in the efficacy analysis population (*n* = 24). The Overall Neuropathy Limitation Scale score in responders decreased by ≥ 1 point compared with baseline. The Intravenous immunoglobulin (*IVIG*)-naïve group consisted of patients who had never received an IVIG before starting on Octagam treatment; IVIG-washout group consisted of patients who had stopped IVIG therapy ≥ 12 weeks before starting    Octagam treatment; IVIG-switch group consisted of patients who had replaced or stopped immunotherapy \< 12 weeks before starting Octagam treatment

There was no difference in age, number of IVIG infusions and delay between treatment onset and evaluation between the responders and non-responders. In contrast, the duration of CIDP before enrolment tended to be higher in non-responders, but the difference was not statistically significant (32.8 vs. 65.4 months in non-responders; *p* = 0.64). The ONLS score at baseline was marginally higher in responders than non-responders (4.2 ± 1.7 vs. 3.0 ± 1.5; *p*  = 0.047). Furthermore, the mean posology and total dose received from baseline to study end were higher in responders, but this difference was not statistically significant (mean total dose of 335.5 vs. 240.4 g \[*p*  = 0.20\] and mean dosage of 1.7 vs. 1.4 g/kg per treatment course \[*p*  = 0.33\]).

Safety {#Sec13}
------

A total of 246 courses of Octagam were administered. Overall, 19 (40.4%) of 47 patients reported 45 AEs (Table [3](#Tab3){ref-type="table"}). The most frequently reported AEs per infusion were those affecting the nervous system (24.4% of AEs, 17.0% of patients). Headaches were frequent (20.0% of AEs, 14.9% of patients). Local reactions at the injection site (three cases in two patients) and asthenia (four cases in three patients) were the most frequently reported adverse reactions among the general disorders. Skin reactions (three cases, including lymphangitis in two patients and urticaria in one patient) and arthralgia-type pain (one case) were also reported. Two serious AEs considered by the physician as not being related to Octagam were reported for the same patient (appendectomy and peritonitis). No patient withdrew from treatment due to Octagam-related AEs. Nine AEs were considered to be moderate to severe in intensity and affected 10.6% of patients. Ten AEs were possibly or probably related to Octagam; these adverse reactions are already listed in the Summary of Product Characteristics and were reported by six patients for a total of seven different IVIG courses. The global incidence of AEs related to Octagam was 0.04 events/course (10/246) or 0.13 events/patient (6/47). No clinically significant alteration in renal function was observed.Table 3Safety of OctagamSafety parametersValues (*n* = 47 patients)Total number of AEs reported45 Headache9 Systemic symptoms^b^8 Skin reactions^c^3 High blood pressure1 Other24Number of IVIG courses246 Number of courses with at least one AE probably or possibly related to Octagam, *n* (%)^d^7 (2.8) Number of patients with at least one AE, *n* (%)19 (40.4) Number of patients with at least one SAE, *n* (%)1^a^ (2.1) Number of patients with at least one severe AE, *n* (%)1^a^ (2.1)Number of patients with AE probably or possibly related to Octagam, *n* (%)6 (12.8)*AE* Adverse event, *SAE* serious adverse event^a^Unrelated to treatment^b^Systemic symptoms included asthenia (*n* = 4 in 3 patients), chills (*n* = 1), nausea (n = 1), mental confusion (*n*= 1) and drowsiness (*n* = 1)^c^Skin reactions included lymphangitis (*n* = 2 in 2 patients) and urticaria (*n* = 1)^d^One course was associated with 2 AEs and another one with 3 AEs; the other 5 courses were associated with 1 AE.

Discussion {#Sec14}
==========

The results of this study show that Octagam is an effective treatment for patients with CIDP. Of the IVIG-naïve and IVIG-washout patients, 41.7% had improved their functional status by 4 ± 1 months post-initiation of Octagam treatment, as assessed by ONLS scores. AEs probably related to Octagam occurred in 12.8% of patients; none of these AEs were serious. The incidence of AEs related to Octagam was 4.1% per course.

Patients were included consecutively in this analysis, without any selection, reflecting the real-life management of patients treated with Octagam for CIDP in France. Our efficacy results are consistent with those from other studies on other IVIG brands used to treat CIDP \[[@CR33]--[@CR35]\]. Furthermore, the efficacy of IVIG in patients with CIDP has been shown in a recent Cochrane review that analysed the results of five randomised controlled trials involving 235 patients and comparing various IVIG brands against placebo \[[@CR12]\]. In that review, IVIG was found to be effective in improving disability for at least 2--6 weeks compared with placebo \[[@CR12]\]. However, the clinical relevance of these results is open to discussion since different scores and response criteria were used in each trial. To avoid this evaluation bias, we evaluated our patients using the standardised and widely used ONLS score.

While we observed no correlation between age and rate of response, the time since CIDP onset tended to be longer in non-responders, although the difference was not statistically significant. This result may be due to the lack of power in the study. However, this finding suggests that the time since disease onset at treatment initiation is a potential predictive factor for non-response. Moreover, mean dose and the total dose of Octagam were higher in responders than in non-responders (not statistically significant). Thus, no relationship between dose and efficacy could be established. Of note, the mean dose reported in this study for the responders (1.67 g/kg) was closer to that recommended in the EFNS/PNS guidelines (2.0 g/kg), compared to the mean dose for the non-responders (1.39 g/kg) \[[@CR31]\].

In this analysis, the safety profile of Octagam was unsurpassed compared to other IVIG preparations, with a very low incidence of AEs related to Octagam per course. These data are in accordance with results from previous double-blind studies suggesting that IVIG safety is similar in everyday clinical practice and in randomised studies \[[@CR29]\]. These findings are also consistent with those of a 10-year prospective observational study investigating the safety of Octagam in primary and secondary immunodeficiencies and autoimmune diseases \[[@CR36]\]. Furthermore, a randomised study investigating IVIG versus intravenous methylprednisolone in patients with CIDP showed that IVIG treatment was less frequently discontinued because of inefficacy, AEs or intolerance \[[@CR29]\]. These data suggest that long-term IVIG therapy is better tolerated than corticosteroids, for which long-term tolerability is generally recognised as poor in the elderly and in those who present with concomitant medical conditions, such as hypertension, diabetes, obesity, peptic ulcer disease and osteoporosis \[[@CR37]\]. Potential serious AEs commonly develop after as little as 2 months of exposure to corticosteroid.

The present study has certain limitations, such as the retrospective data collection and the small sample size. However, our findings are consistent with published data demonstrating the benefits and the safety of all IVIGs in patients with CIDP \[[@CR33]--[@CR35]\]. Future studies investigating adequate dosing and duration to achieve complete responses in the long-term use of IVIG and identifying different patterns of IVIG response in CIDP patients are warranted. One such study (ProCID; ClinicalTrials.gov identifier NCT02638207) assessing the efficacy and safety of three different doses of IVIG is currently ongoing, and the results are eagerly awaited.

Conclusion {#Sec15}
==========

These real-life results are in line with the efficacy and safety data of IVIG from randomised controlled studies. Several issues remain to be addressed and should become the focus of future studies, including the identification of distinctive patterns of IVIG response in CIDP patients. Identifying and characterising CIDP subtypes and their respective long-term response patterns would improve the effectiveness of the management of CIDP.
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